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'*To  assist  in  the  evaluation  of  proposed  structural  inspection  programs  tor 
commercial  jet  transport  aircraft,  a logic  was  developed  to  simulate  structural 
defects,  failures,  and  inspections.  This  logic  was  Incorporated  in  a computer 
program  entitled  Structural  Area  Inspection  Frequency  Evaluation  (SAII-'E) , With  the 
objective  of  quantifying  the  evaluation  process  currently  used  to  establish  and 
modify  Inspection  Intervals,  SAIFE  accounts  for  the  following  factors:  (1)  aircraft 
design  analysis;  (2)  fatigue  testing;  (3)  production,  service,  and  corrosion  de- 
fects; (4)  probability  of  crack  or  corrosion  detection;  and  (b)  aircraft  modifica- 
tion economics.  As  a five-volume  document,  this  report,  covers  the  initial  contract 
effort  plus  a subsequent  parametric  analysis  as  follows:  Voluim\l  (entitled  Execu- 
tive Summary)  presents  the  SAIFE  logic  and  documents  the  methodology  lor  tlu:  de- 
cision-making processes  in  the  simulation  logic.  Voluim\lI  (entitled  Description  of 
Simulation  Logic)  details  the  SAIFE  simulation  logic,  presents  the  background  data 
for  the  analytical  functions  and  decision-making  processes,  and  Includes  data  for  a 
typical  simulation  problem.  Volume  till; (entitled  Demonstration  Input,  Inspection 
Survey,  and  MRR  Data)  presents  data  tabulations  derived  from  historical  trends  and 
design  input  data  for  a SAIFE  demonstration  problem.  As  the  user's  manual  for  the 
SAIFE  computer  program,  Volume  (,1V-  (entitled  Software  Documentation  and  User's  Man- 
ual) contains  detailed  computer  logic  flow  diagrams  and  a complete  listing  of  the 
program  which  is  written  in  SIMSCRIPT  II. 5.  Volume  V presents  the  results  of  the 
program  application  to  a hypothetical  aircraft  and  compares  these  results, with  the 
service  experience  of  operational  aircraft..  | 
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PRKKACi: 

Technology  Incorporated  prepared  this  fifth  volume  of  a 
five "Volume  report  to  document  the  simulation  logic  for  the 
Structural  Area  Inspection  frequency  Evaluation  (SAlPl'i)  in 
accordance  with  Article  II,  paragraph  B of  Contract  DOT- 
PA74WA- 3493.  (Volume  V along  with  Volume  IV  completes  the 
requirements  of  Phase  111  of  the  contract.)  The  effort  is 
sponsored  by  the  Aircraft  Safety  and  Noise  Abatement  lii vi- 
sion, Systems  Research  and  Development  Service  of  the 
federal  Aviation  Administration. 

The  principal  Technology  Incorporated  personnel  engaged 
on  this  program  were  Mr.  Carter  J.  Dinkeloo,  project  engi- 
neer, who  served  as  principal  investigator;  Mr.  Martin  S. 
Moran,  research  engineer,  who  developed  the  model  for  the 
SAlfli  computer  program;  and  Mr.  Ronald  1.  Rockafollow,  pro- 
gram manager. 

The  contract,  monitors  for  the  fAA  wore  Messrs.  Herbert 
Spicer  and  Charles  Tvoha  of  the  Aircraft  Safety  and  Noise 
Abatement.  Division.  The  technical  monitor  was  Mr.  Arnold  li. 
Anderjaska  of  the  flight  Standards  Division. 
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INTRODUCTION 


1 . 


It  is  the  mutual  goal  of  the  FAA,  airframe  manufacturers, 
and  air  carriers  to  constantly  improve  the  structural  integrity 
and  inspection  efficiency  of  civil  aircraft.  The  good  safety 
record  of  U.S.  air  carriers  indicates  that  the  current  process  of 
establishing  and  modifying  structural  inspection  programs  has 
been  successful.  However,  with  the  increasing  size  and  complexity 
of  second-  and  third- generation  transport  aircraft,  there  is  a 
need  to  quantify  more  precisely  the  present  subjective  evalua- 
tion process  which  relies  heavily  on  reliability  analyses  of  the 
new  design  and  on  operational  experience  ot  similar  aircraft. 

Because  ot"  the  extreme  complexity  of  the  evaluation  process, 
a computer  simulation  of  all  critical  aircraft  service  life  as- 
pects was  judged  the  most  rational  means  for  quantifying  the 
process  more  exactly.  As  a five- volume  document,  this  report 
documents  the  resultant  Structural  Area  Inspection  Frequency 
Evaluation  (SAIFli)  simulation  logic.  SAIFli  accounts  for  the  fol- 
lowing factors:  (1)  aircraft  design  analysis;  (2)  component  and 
full-scale  fatigue  testing;  (3)  production,  service,  and  corro- 
sion defects;  (4)  probability  of  crack  or  corrosion  detection; 
and  (S')  aircraft  modification  economics.  It  treats  those  factors 
in  a logical  sequence  that  realistically  represents  the  procedure 
currently  used  to  establish  and  modify  inspection  intervals. 

SAIFli  is  designed  to  provide  a repeatable  method  for  evaluating 
proposed  inspection  programs.  However,  it  is  not  intended  to 
supplant  the  Maintenance  Review  hoard  or  the  air  carrier  use  of 
the  Standard  Operations  Specification  - Aircraft  Maintenance. 

As  Volume  V,  this  volume  presents  the  results  of  a SAIFli 
demonstration,  namely,  the  SAIFli  application  to  a hypothetical 
aircraft,  and  compares  the  results  with  the  service  experience  of 
operational  aircraft.  In  this  demonstration,  all  routines  and 
events  in  the  SAIFli  program  were  exercised.  The  subsequent 
comparison  revealed  that  the  SAIFli  output  is  realistic.  The 
Appendix  to  this  volume  presents  the  results  of  the  parametric 
s tudy  . 
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EVOLUTION  01;  DEMONSTRATION  STAUHS 


I 1 . 


I . Obj  actives 

The  SAllMi  demonstration  was  designed  to  exercise  all  the 
events  and  routines  in  tho  software  program  and  to  permit  deter- 
mining whether  each  routine  and  event  would  function  as  intended. 
To  this  end,  input  data  was  formulated  for  a hypothetical  air- 
craft, a hybrid  of  the  B - 7 4 7 and  DC -10.  The  input  data  defined  a 
fleet  of  aircraft  with  approximately  the  same  production  rate, 
fleet  size,  and  service  life  as  tho  U-747.  This  data  also  de- 
fined 1300  elements  for  each  aircraft  in  the  fleet.  These  ele- 
ments included  all  the  basic  aircraft  component  types  such  as 
spars,  stringers,  and  frames. 

The  demonstration  was  also  intended  to  determine  whether  the 
SAllMi  logic  produced  results  which  would  be  realistic  when  com- 
pared with  the  actual  service  history  of  jet  transport  aircraft. 
Tho  realization  ol  this  second  objective  led  to  four  separate 
stages  during  the  demonstration  task.  Tho  last  three  stages  are 
characterized  hv  changes  in  the  SAllMi  logic  and/or  alterations  to 
the  demonstration  input  data. 

2 . I_n  i t i a l Hemonst  rat  ion  St  ago 

The  initial  demonstration  started  with  the  logic  and  input 
data  submitted  in  the  draft  version  of  Volumes  11  and  111  of  this 
report.  The  iogic  and  input  data  had  been  reviewed  prior  to  the 
start  of  the  demonstration.  However,  because  of  the  complexity 
of  the  logic  and  the  volume  of  input  data,  several  unanticipated 
problems  were  encountered  when  the  initial  demonstration  output 
was  reviewed.  This  review  was  conducted  after  3-1/2  percent  of 
the  elements  had  been  processed. 

The  most  obvious  problem  was  the  extremely  large  number  of 
cracks  that  were  occurring  on  each  element.  An  investigation  of 
this  problem  revealed  several  contributing  factors.  The  first 
factor  was  tho  large  fleet  being  evaluated,  1000  aircraft,  and 
the  long  service  life,  o0,000  f l ight'  hours , of  each  aircraft. 
Since  the  resultant  total  exposure  of  60  million  flight  hours  was 
much  greater  than  that  of  any  one  fleet  now  in  service,  the 
corresponding  number  of  cracks  in  the -sample  fleet  appeared  to  be 
excessive.  The  obvious  solution  to  this  problem  was  to  reduce 
the  number  of  aircraft  in  the  fleet  aiuj , thereby,  reduce  the 
‘otal  fleet  flight  hours. 

\ 

\ 

A further  review  of  the  input  data  Revealed  that  there  were 
two  additional  factors  causing  the  large  number  of  cracks.  Both 
of  those  factors  contributed  to  an  unreal\st ically  low  fatigue 
life  for  most  elements.  Of  the  latter  two\Factors,  the  first  was 
the  relationship  between  the  predicted  and  tbe  actual  fatigue 
life.  Since  the  relationship  used  had  been  developed  in  the 
early  IDbO's,  it  was  considered  too  conservative,,  in  the  light  of 
improved  analysis  techniques. 
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The  second  factor  causing  unrealistically  low  fatigue  lives 
was  the  predicted  lives  used  as  input  to  the  program.  Although 
these  lives  were  taken  from  data  on  wide-body  aircraft,  it  was 
discovered  that  the  design  life  rather  than  the  predicted  mean 
life  had  been  used  as  input.  When  the  mean  life,  which  is  much 
greater  than  the  design  life,  was  used  as  input,  there  was  con- 
siderable increase  in  the  fatigue  lives  of  the  elements. 

During  this  review  it  was  also  determined  that  the  SAll-'H 
logic  should  include  the  effects  of  sampling  inspections  at 
overhaul  (D- love  1 ) . Because  of  the  limited' time  available  to 
make  this  change,  it  was  determined  that  reducing  the  probability 
of  defect  detection  would  he  t tie  most  effective  means  of  simulat- 
ing the  sampling  effect.  In  addition,  a n optional  output  format 
was  needed  to  provide  more  specific  information  on  the  events 
that  lead  to  structural  failures.  Such  a format  had  been  used 
early  in  the  development  program  but  was  later  omitted  because  of 
its  excessive  output  volume.  Consequently,  it  was  decided  that 
this  format  should  he  restored  as  an  option  along  with  the  capa- 
bility of  selecting  aircraft  numbers  and  elements  to  reduce  the 
volume . 

1.  Second  Demonstration  Stage 

Prior  to  restarting  the  demonstration,  the  following  changes 
were  made  to  the  logic  and  the  input  data: 

a)  The  number  of  aircraft  in  the  fleet  was  reduced  from 
1000  to  S00. 

h)  The  relationship  between  the  predicted  and  the  actual 
fatigue  life  was  revised  to  yield  statistically  higher 
actual  fatigue  lives. 

cl  Ail  predicted  fatigue  lives  in  t he  input  data  were 
changed  from  design  life  to  predicted  mean  life. 

d ) The  percent  reduction  in  inspection  intervals  was  in- 
creased appreciably  to  provide  more  realistic  changes. 

o)  The  lowest  internal  inspection  level  for  each  element 
was  reviewed  and,  wherever  required,  revised  to  a 
higher  level. 

f)  l.ogic  to  account  for  the  effect  of  sampling  inspections 
was  added.  This  logic  reduced  the  probability  of  de- 
fect detection  in  direct  proportion  to  the  percentage 
of  the  fleet  being  sampled. 

After  processing  501.  of  the  elements,  the  output  data  was 
reviewed.  This  review  revealed  that  the  foregoing  changes  hud 
successfully  reduced  the  number  of  cracks  hut  that  the  number  of 
failures  was  still  unrealistically  high.  This  problem  was  at- 
tributed to  two  factors:  hirst,  the  sampling  logic  for  the  D- 
level  Inspection  had  appreciably  reduced  the  number  of  cracks 


detected  at  this  level.  Second,  the  SAIFH  logic  did  not  allow  u 
crack  that  originated  intcrnully  to  eventually  appear  externally. 
Therefore,  the  defect  was  never  exposed  to  lower  level  inspec- 
tions as  it  would  be  in  a real  world  situation. 

Consequently,  it  was  decided  to  change  the  loRic  for  the 
sampling  inspections  in  order  to  improve  the  number  of  defects 
detected  at  overhaul  but  not  to  make  any  changes  concerning  the 
second  factor  at  tins  time.  It  wus  felt  thut  making  too  many 
modifications  at  one  time  would  make  it  difficult  to  determine 
the  effect  of  each  modification  on  the  output. 

The  review  of  the  second  demonstration  stage  output  also 
revealed  that  the  intervals  for  the  C-level  and  P- level  inspec- 
tions were  frequently  as  low  as  10  flight  hours.  Since  the  pro- 
gram criteria  for  reducing  inspection  intervals  arc  applied  only 
to  the  C- level  and  D- level  inspections,  this  resulted  in  C* level 
and  D- level  inspections  occurring  more  often  than  either  A- level 
or  H-level  inspections.  To  prevent  this,  it  was  decided  that 
minimum  ('.-level  and  0-level  intervals  should  be  established. 

■1 , Third  Demonstration  Stage 

before  again  restarting  the  demonstration,  the  following 
changes  wore  made  to  the  logic: 

a)  Tiie  sampling  logic  was  revised  so  that  only  designated 
aircraft  wore  inspected.  However,  the  probability  of 
detecting  largo  defects  on  those  designated  aircraft 
could  approach  l>91 . 

M The  interval  for  each  of  the  inspection  levels  was  set 
so  that  it  could  never  be  less  than  the  initial  inter- 
val of  the  preceding  inspection  level.  For  example, 
the  P-level  inspection  interval  could  never  be  less 
than  the  initi:  1 C-level  inspection  interval,  that  is 
1000  hours. 

The  results  of  these  changes  were  apparent  after  processing 
only  131  of  the  elements.  Although  the  minimum  inspection  inter- 
val produced  the  desired  effect,  the  revision  of  the  sampling 
inspection  logic  not  only  did  not  reduce  the  number  of  structural 
failures  but,  in  fact,  increased  the  number  slightly. 

Consequently,  it  was  decided  that  the  sampling  inspection 
logic  used  in  the  second  demonstration  should  he  restored  and 
that  other  logic  be  added  so  that  cracks  originating  internally 
would  eventually  be  detectable  externally. 


5 . Final  Demonstration  Stage 

Before  restarting  the  demonstration  for  the  final  run,  the 
following  changes  were  made  to  the  logic: 


a)  Cracks  that  originated  internally  wore  allowed  to  ap- 
pear externally  when  the  crack  length  equaled  the 
critical  length. 

b)  The  sampling  inspection  logic  used  in  the  second  demon- 
stration s :age  was  restored.  This  logic  reduced  the 
probability  of  defect  detection  in  proportion  to  the 
percentage  of  the  fleet  being  sampled. 

c)  The  detailed  output  format  that  had  been  previously 
used  was  restored  as  an  option  for  the  final  demonstra- 
tion. 


The  demonstration  output  resulting  from  the  final  SAlFli 
logic  and  input  data  is  detailed  in  the  following  section. 

6 . Revised  Program  Demonstration  Stage 

The  appendix  includes  a complete  description  of  the  results 
and  analysis  from  the  parametric  study. 
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III.  DEMONSTRATION  RESULTS 


1 . An njy s is  o f_  the  I’ inul  _D  omonst ration  Stage  Output  by 

1'Temont  "Type  " ~ - - -■  - 


Since  both  the  SAIHli  demonstration  output  and  the  MRR/SDR 
service  history  data  arc  oxtrcmoly  voluminous,  this  report  pre- 
sents only  summary  tables  oi‘  the  most  pertinent  facts.  fable  1 
lists  the  21  element  types  analyzed  in  the  SA 1 1'  11  demonstration 
along  with  the  following  information: 

a)  Reference  to  a following  table  that  contains  more 
detailed,  but  still  summarized,  data,  including  the 
number  of  cracks  and  corrosions  detected  at  each  in- 
spection level,  the  number  of  production  and  service 
defects,  and  the  number  of  failures  and  fail-safe 

d a ma g e o c c w r r enc e s . 

b)  The  ratio  of  the  number  of  cracks  detected  in  the  SAlPli 

output  to  the  number  of  cracks  reported  on  MUR/SOR's. 

o)  The  number  of  structural  failures  per  million  flight 
hours  predicted  by  SAlPli. 

d)  The  ratio  of  the  number  of  first,  cracks  occurring  to 
t he  number  of  cracks  detected  by  SAlPli. 

When  comparing  the  service  history  with  the  SAlPli  demon- 
stration output,  four  factors  that  affect  the  two  data  sets  must 
be  considered.  The  net.  result  of  these  factors  should  be  more 
defects.,  in  the  SAlPli  output  than  In  the  service  history.  Of 
these  four  factors,  the  first  three  increase  the  number  of  de- 
lects presented  in  the  demonstration  output,  but  the  fourth 
decreases  the  number  of  defects.  The  four  factors  are  as  follows 

a")  The  MRR/SDR  data  represents  generally  the  first  half  of 

the  service  life  of  aircraft  because  the  data  were 
collected  from  the  II.  S.  air  carrier  fleet  while  the 
SAlPli  output  represents  the  entire  service  life  of  all 
the  aircraft  in  a given  fleet. 

b)  Not  a l 1 aircraft  defects  are  reported  in  the  MRR/SDR 
document s . 

cl  The  service  history  is  based  on  narrow-body  aircraft 
which  have  fewer  elements  than  the  hypothetical  wide- 
body  aircraft  used  in  the  demonstration. 

d)  Improved  analysis  techniques,  design  criteria,  and 

manufacturing  methods  should  result  in  fewer  defects  on 
the  wide-body  aircraft  represented  in  the  demonstration 
than  on  the  narrow-body  aircraft  reported  in  the  MUR/ 
SDU's. 
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TABLE  1.  SUMMARY  OF  SAIFE  DEMONSTRATION  RESULTS 
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In  column  lb)  of  Table  1,  the  ratios  ol'  the  number  of  cracks 
detected  In  the  SAITli  output  to  the  number  of  cracks  reported  on 
MRR/SDR's  vary  widely.  Tor  14  of  the  21  element  types,  the 
ratios  are  greater  than  1.00,  which  is  the  expected  result  In 
view  of  the  four  factors  affecting  the  comparison  of  the  two  data 
sots . 


Of  these  14  element  types,  two  have  ratios  larger  than  would 
be  expected.  Tor  the  first  element  type,  WINDOW  TRAMIIS,  the 
fatigue  lives  in  the  SAlTh  input  were  apparently  underestimated, 
although  the  available  manufacturers'  data  were  reviewed  thor- 
oughly before  the  final  demonstration  was  initiated.  Tor  the 
second  element  type,  WING  - STAR,  CliNTliR,  tho  ratio  is  under- 
standably high  since  only  about  25»  of  the  aircraft  reported  in 
the  MRR/SDR's  have  center  wing  spars. 

Tor  the  remaining  seven  element  types,  the  ratios  are  loss 
than  1,00.  These  ratios  indicate  that  either  the  fatigue  lives 
of  the  elements  were  overestimated  or  tho  lowest  level  of  in- 
spection was  incorrect  and  consequently  not  enough  cracks  wore 
detected  by  the  .SAITli  logic. 

Tho  failure  data  presented  in  column  (c)  of  'fable  1 is 
difficult  to  analyze  because  of  the  extremely  low  probability  of 
a failure  actually  occurring  in  service.  However,  the  complete 
lack  of  failures  in  tho  wing  elements  is  notable.  There  have 
been  at  least  two  instances  of  wing  spar  failure  on  turboprop 
aircraft  in  the  last  10  years.,  While  the  aircraft  simulated  by 
SAITli  was  a turbol'a.  and  not  a turboprop,  the  two  designs  are 
similar  enough  to  expect  that  some  wing  failures  would  have 
occurred  in  the  demonstration.  Although  the  extremely  low  fail- 
ure rate,  one  or  two  failures  per  (>0  million  flight  hours,  makes 
it  impossible  to  determine  whether  or  not  the  model  is  not  func- 
! inning  properly,  several  reviews  of  the  model  logic  during  the 
1 monst rat  ion  indicated  that  tho  model  was  performing  as  designed. 

finally,  column  fd)  of  fable  1 lists  for  each  element  type 
the  ratio  of  the  number  of  first  cracks  occurring  to  the  number 
of  cracks  detected.  This  data  cannot  be  compared  with  the  ser- 
vice history  since  aircraft  retired  from  service  are  rarely 
inspected  to  obtain  this  type  of  datu.  Tho  ratios  are  between 
1.50  and  2.33  except  for  two  oloment  types  whoso  ratios  are  0.47 
and  10.13.  Those  high  ratios  are  attributed  to  a combination  of 
three  factors:  relatively  short  fatigue  lives,  slow  crack  growth 
rate,  and  long  critical  crack  length.  This  combination  results 
in  many  cracks  occurring  during  the  service  life  of  the  aircraft; 
but  since  theso  cracks  remain  small  for  a long  period  of  time, 
they  are  difficult  to  detect. 
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2 . Analysts  of  the  Final  Demonstration  Stage  Output  by 

1 n s p e c t To  n 1,  e voT 

Thu  number  of  cracks  detected  per  million  flight  hours  at 
each  inspection  level  along  with  the  associated  percentage  of 
total  cracks  is  presented  in  Table  2 for  both  the  SAllTi  and  the 
MRR/SDR  data.  The  MRR/SOR  service  history  shows  that  as  the 
inspection  level  progresses  from  preflight  to  overhaul,  the 
percentage  of  cracks  detected  incroasos.  This  progressive  in- 
crease can  he  attributed  to  the  larger  portions  of  the  aircraft 
being  Inspected  and  the  increasing  probability  of  detection 
associated  with  the  higher  inspection  levels. 

The  SAllTi  data  shows  a similar  progression  except  for  the 
overhaul  inspection  level.  The  decrease  in  the  percentage  of 
cracks  detected  at  this  level  can  he  attributed  to  the  method 
used  in  the  SAllTi  logic  for  conducting  sampling  inspections  at 
tho  overhaul  level . This  method  sets  the  maximum  probabil  ity  of 
detection  equal  to  tho  sampling  percentage;  that  is,  if  only  251 
of  the  floot  is  inspected  at  the  overhaul  inspection,  then  the 
maximum  probability  of  detecting  cracks,  on  a fleet -wide  basis, 
is  only  251.  of  the  original  maximum  probability.  The  problem  is 
complicated  by  the  fact,  that  the  maximum  probabilities  of  de- 
tection for  the  lower  inspection  levels  are  based  on  the  total 
number  of  cracks  detected  and  reported  in  MRR/SDR1 s.  These 
cracks  include  those  reported  from  overhaul  inspections  which 
were  conducted  on  a sampling  basis.  It,  therefore,  appears  that 
the  effects  of  sampling  inspections  may  be  accounted  for  twice  in 
SAlldi  or,  alternatively,  that,  these  effects  were  not  correctly 
accounted  for  in  the  data  for  tho  lower  level  inspections. 

Tables  5 through  25  compare  the  SAllTi  demonstration  re- 
sults with  the  MUR/SDR  data  for  each  of  the  element  types.  In- 
cluded in  each  table  is  the  SAll'Ti  summary  output  for  that  ele- 
ment type.  In  addition  to  the  summary  output,  some  of  tho 
tables  contain  SAllTi  output  for  specific  element  stations. 

Table  contains  the  SAllTi  output  for  the  IT1S-STR-S 1 1)  sta- 
tions lfttiO,  1700,  and  Ill'll),  llach  of  those  stations  on  certain 
aircraft  had  cracks  which  grew  to  tho  fail-safe  crack  length 
during  tho  service  life  of  the  aircraft.  Since  some  aircraft 
had  structural  failures  because  of  tho  cracks  at  stations  l(>60 
and  1D40,  Table  i)  includes  the  SAllTi  "long  list"  output  for  both 
of  those  stations.  This  output  tracks  the  structural  history  of 
aircraft  with  element  failures. 

Of  all  the  I'TIS-STR-SID  stations,  station  17oi)  had  t he 
largest  number  of  first  crack  initiations,  namely  55,  which  can 
be  attributed  to  its  initially  short  ACTUAL  AVIiRAUH  h’ATU.UU  ITITi. 
This  short  life  (less  than  two  times  the  aircraft  service  life") 
caused  the  production  modification. 
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Table  10  contains  the  SAIFE  output  for  the  FUS-STR-TOP  1 

stations  1080,  1160,  and  1760,  Stations  1080  and  1160  on  cev-  J j 

tain  aircraft  had  cracks  which  grew  to  the  fail-safe  crack  J j 

length  during  the  service  life  of  the  aircraft.  Table  10  also  | 

includes  the  SAIFB  "long  list"  output  for  stations  1080  and  I I 

1300  since  aircraft  sustained  structural  failures  because  of  ‘ ■ 

cracks  at  these  two  stations.  Station  1760  is  included  in 
Table  10  because  it  had  the  largest  number  of  first  crack  ini- 
tiations, namely  52.  As  above,  this  large  number  can  be  at- 
tributed to  the  initially  short  ACTUAL  AVERAGE  FATIGUE  LIFE  for 
station  1760.  Again,  this  short  life  caused  a production  modi- 
fication . 

Table  16  contains  the  SAIFE  output  for  the  WNG-STR-LSC 

stations  0294  and  0669.  Although  the  number  of  crack  initia- 
tions at  station  0294  was  relatively  small,  this  station  had  a 
sufficiently  large  crack  occurring  early  enough  in  the  simula- 
tion to  prompt  a retrofit  structural  modification  because  of 
economic  considerations.  Of  all  the  WNG-STR-LSC  element  sta- 
tions, station  0669  had  the  largest  number  of  crack  initiations, 
namely  64.  Again,  this  large  number  can  be  attributed  to  the 
initial  short  fatigue  life  and  caused  a production  modification. 

3.  Comparison  of  Results  from. the  Four  Demonstration 

S tag e 0 u t p u t s 

Tables  24  through  27  compare  the  four  demonstration  stage 
outputs  for  four  element  types: 


Element 

Table 

Door  frame 

24 

Wing  Center  Section 

- spanwise  beam, 

aft 

25 

- spanwise  beam, 

center 

26 

- spanwise  beam, 

forward 

27 

The  comparison  of  the  results  of  the  first  two  demonstration 
outputs  shows  the  effects  of  reducing  the  number  of  aircraft  in  j 

the  fleet  by  a factor  of  2.0  and  increasing  the  actual  fatigue  . j 

life  by  a factor  of  3.3.  j 

The  comparison  of  the  results  of  the  second  and  final 
demonstration  outputs  shows  the  effects  of  introducing  sampling 
inspections  in  the  overhaul  inspection  logic  and  of  allowing 
cracks  that  originated  internally  to  appear  externally  and  then 
become  subject  to  inspection  at  a lower  level. 
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IV. 


SUMMARY  AND  CONCLUSIONS 


(1)  With  some  minor  refinement  changes,  the  SAIF  Li  model  can  ho 
used  by  the  FAA,  air  carriers,  or  aircraft  manufacturers  to 
conduct  the  following  types  of  evaluations:  (a)  Design  - 
the  effects  of  changing  fatigue  life,  corrosion  resistance, 
or  crack  growth  on  design,  (h)  Cost  - the  effect  of  in- 
creasing cost  on  modification  versus  repair  decisions,  and 
(c)  Operational  - the  relative  effects  of  Increasing  the  In- 
spection interval  or  of  changing  the  inspection  of  Indi- 
vidual elements  from  one  inspection  level  to  another. 

(2)  Of  the  21  element  types  summarized  in  the  SAll'H  demonstra- 
tion output,  14  had  ratios  of  SAlFli  cracks  to  service  his- 
tory cracks  that  were  within  the  expected  range,  that  is, 
greater  than  1.00,  Of  those  14  element  types,  2 had  ratios 
that  wore  too  high  to  be  realistic.  The  remaining  seven  had 
ratios  that  were  considerably  loss  than  1.00. 

(3)  The  SAlFli  model  is  slightly  unconservative  in  predicting 
failures;  that  is,  it  predicts  too  few  structural  failures. 

(.4)  The  SAlFli  and  the  service  history  datu  for  the  percentage  of 
cracks  detected  at  each  inspection  level  do  not  compare 
well.  This  discrepancy  is  primarily  due  to  the  method  used 
in  SAlFli  to  account  for  the  sampling  effects  at  the  overhaul 
inspection . 

(5)  During  the  studies  conducted  for  the  preparation  of  Vol- 
ume II,  it  was  noted  that  phenomena  related  to  corrosion, 
production  defects,  and  service  damage  are  not  well  docu- 
mented in  either  MRR/SDR's  or  analytical  studies  and  that 
they  consequently  require  further  study. 
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TABLE  2 COMPARISON  OF  CRACKS  DETECTED  AT  EACH 

INSPECTION  LEVEL  PER  MILLION  FLIGHT  HOURS 


SAIFE  MRR/SDR 

— — 1 »'  — — y— ■ -a  ■■  . , .»  ....mA,-,—,,  . 


Cracks 

Fof 

Cracks 

l of 

Detected 

Total 

Detected 

Total 

Preflight 

23.58 

11.1 

2.87 

4.3 

Service 

56.97 

26.7 

7, 93 

11.8 

Phase 

80.26 

37.6 

10.94 

16.3 

Overhaul 

26.15 

12.3 

24.21 

36 . 1 

Special 

26.2  3 

12.3 

21.14 

31.5 

Total 

213.19 

100.0 

67.09 

100.0 

TABLE  3.  DEMONSTRATION  RESULTS  FOR  DOOR  FRAME 

Defects  Per  Million  Flight  Hours 


SAIFE 

MRR/SDR 

Cracks  Detected 

Preflight 

0.53 

0.16 

Service 

0.60 

0.08 

Phase 

2.63 

0.93 

Overhaul 

0.13 

. 0.55 

Special 

0.00 

0.08 

Total 

3.89 

1.80 

Corrosion  Detected 

Preflight 

0.47 

0.00 

Service 

0.30 

0.06 

Phase 

1.00 

0.12 

Overhaul 

0.00 

0.12 

Special 

0.00 

0.00 

Total 

1.77 

0.30 

Fail-Safe  Damage 

0.00 

0.02 

Failures 

0.00 

" - ~ " 

Service  Damage 

0.27 

0.15 

Production  Defects 

0.00 

0.00 
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TABLE  4.  DEMONSTRATION  RESULTS  FOR  WINDOW  FRAME 


Defects  Per  Million  Flight.  Hour 
SAIFE  MRR/SDR 


Cracks  Detected 


Preflight 

0.00 

0.06 

Service 

5.17 

0.06 

Phase 

21.40 

0.12 

Overhaul 

3.20 

0.67 

Special 

5.17 

0.18 

Total 

34.94 

1.09 

Corrosion  Detected 

Pref 1 ight 

0.00 

0.02 

Service 

0.03 

0.00 

Phase 

0 20 

0.02 

Overhaul 

0.03 

0.02 

Special 

0.00 

0.02 

Total 

0.26 

0.08 

Fail-Safe  Damage 

0.00 

0.02 

Failures 

0.00 

- - - - 

Service  Damage 

0.93 

0.18 

Production  Defects 

0.13 

0.00 
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TABLE  S.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - MAIN  FRAME, 
BOTTOM 


Defects  Per 

Million  Flight  Hours 

SAIFE 

MRR/SDR 

Cracks  Detected 

Preflight 

0.20 

0.57 

Service 

0.23 

0.67 

Phase 

0.20 

0.47 

Overhaul 

2.53 

1.53 

Special 

0.00 

0.38 

Total 

T7T5' 

TTFI 

Corrosion  Detected 

% 

Preflight 

0.03 

0.34 

Service 

0.00 

1.10 

Phase 

0.00 

0.41 

Overhaul 

0.10 

1.99 

Special 

0.00 

0.55 

Total 

' T.TT 

Fail-Safe  Damage 

0.00 

0.22 

Failures 

0.00 

Service  Damage 

1.03 

0.44 

Production  Defects 

0.20 

0.06 

17 


TABLE  6.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - MAIN  FRAME, 
SIDE 


Defects  Per  Million  Flight  Hours 
SAIFS  MRR/SDR 

Cracks  Detected 


Preflight 

0.00 

0.34 

Service 

6.70 

0.69 

Phase 

9.00 

0.76 

Overhaul 

4.97 

3.57 

Special 

5.57 

0.69 

Total 

26.24 

6.05 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.00 

0.07 

Phase 

0.03 

0.07 

Overhaul 

0.13 

0.54 

Special 

0.17 

0.07 

Total 

0.33 

0.75 

Fail-Safe  Damage 

0.07 

0.04 

Failures 

0.10 

— 

Service  Damage 

0.77 

0.33 

Production  Defects 

0.13 

0.15 
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TABLE 


7,  DEMONSTRATION 

RESULTS  FOR  FUSHLAC.E 

- MAIN  FRAME , TOP 

Defocts  Per  Mil 
SAIFU 

lion  Flight  Hours 
MRR/SDR 

Cracks  Detected 

Pro flight 
Service 

Phase 

Overhaul 

Special 

0.00 

0.00 

0.60 

2.37 

0.00 

0.00 

0.00 

2.80 

1.87 

1.14 

Total 

2.97 

5.87 

Corrosion  Dotected 

Proflight 

Service 

Phase 

Overhaul 

Special 

0.00 

0.00 

0.00 

0.20 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Total 

0.20 

0.00 

Fail-Safe  Damago 
Failures 

Sorvice  Damage 
Production  Defects 

0.00 

0.00 

1.03 

0.20 

0.00 

0.02 

0.15 

21 


TABLE  8.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - STRINGER,  BOTTOM 


Defects  Per  Million  Flight  Hours 
SAlFB  MRR/SDR 


Cracks  Detected 


Preflight 

3.63 

0.57 

Service 

3.20 

0.67 

Phase 

2.67 

0.47 

Overhaul 

2.40 

1.53 

Special 

3.97 

0.38 

Total 

15.87 

3.62 

Corrosion  Detected 

Preflight 

3.13 

0.34 

Service 

2.07 

1.10 

Phase 

0.77 

0.41 

Overhaul 

1.17 

1.99 

Special 

0.57 

0.55 

Total 

7.71 

4.39 

Fail-Safe  Damage 

0.00 

0.22 

Failures 

0.00 

.... 

Service  Damage 

0.63 

0 44 

Production  Defects 

0.13 

0.06 
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TABLE  9. 


DEMONSTRATION  RESULTS  FOR  FUSELAGE  - STRINGER,  SIDE 


Cracks  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 


0.00 

3.33 

4.40 

2.87 

3.33 

13.43 


0.00 

0.47 

0.97 

0.23 

0.20 


1.87 

0.37 

0.07 

0.63 

0.30 


0.34 
0.69 
0.76 
3 . K 7 
0.69 

6.05 


0.00 

0.07 

0.07 

0.54 

0.07 

0.7  5 

0.04 

0.33 

0.15 
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4IRCN4M  nt>t|  NlKMlli 

N«»»*t#  0*  4|N<M4M  IN  HUM  N44  4|MCM6M  »|«tv(C(  Alf*»  AOOfl*  h(HiH« 

S1KUC1UN41  Kl  MINI  I fOS*S1N.»lCi»l*AA 

KKOOtCUO  4VM40.I  14HGOI  UMl  1>?4«<'  Ml  Him  4 4MU41  4 401001  IIMl  |M?M  HOOKS 

INI1I44  IN*#ttO|ON 

Kim  n nooks 

K*itm 

C«Uvn  1004  HOOKS 
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0»L| VtL  1NTf»m  NO*  IKTM1  NOOKS 

»rt  *«,  H*  tNI*»8  SIKVIff  SOSNO  NOOKS  »K<tN  S14W1  O*  SIM4H.4II04, 

|St  CK4(u  IN1 1 1 41 ION  tnoJICUn  41  IV. M HISNl  NOOKS 

t**S  <*4t«  4*M1I4I|«4*  KKOOtmO  44  A#S<44  N04IMS 

1K0  CKACK  I N | T | 41 |0N  KNOJICIlfl  41  144T40  OUGHT  NOOKS 

SCO*  CK4CK  OKONfN  Kill  ■ ,00410*  INCHII/HOUK 
Mil  t*U«  SKIN41H  »40f  • ,44«<.t*  INCNtSKNOOM 
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P-WCNti  »*40**m  NO*  *U4i*  HOOK*.  

4/C  NO,  1*0  r«»MltNt(S  IS1  (KICK  1NIM41JON  41  1KKIN  NOONS 
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TABLE  9 


Concluded 


AIRCRAFT  lYPfl  HYBRID 

NU**Bf«  Of  AIRCRAFT  IN  FLEMt  U«  AIRCRAFT  MRVICF  UMt  **« 0»  HOU«* 

STRUCTURAL  ILfNtNtl  F US«S!R«SID»|  AM 

pheoictfo  av(nagi  Mtiam  liffi  iaaaod  hours  aciual  average  fatigui  urn  iriShA  hours 

INI  1U1.  iNtRtC-IION  INTERVALS 

IHtWL  25  HOURS 

HFHEV2L -ASA-HOUM 

C-LEVEL  1000  HOURS 
0»LIVEl  11000  HOURS 


INSPECTION  INIERVAL  INCREASF  IRPLE RENTED 
C •LEVEL  INTERVAL  NON  1250  HOURS 
— ft-LEVK  |Ntf»URL- NBH  IIIIMWW  


A/C  NO,  121  fNTfRS  SfRVKF  JUSD  HOURS  » I^OH  STAR!  OF  SIMULATION 

1ST  CRACR  INITIATION  PROJECTED  AT  2A2A8  FLIGHT  HOURS 

END  CRACK  INITIATION  RROJECTEO  AT  12T2ST  FLIGHT  HOURS 

SR#  CRACK  INITIATION  PROJECTED  AT  MASS*  SLIGHT  HOURS • 

SION  C*ACx  GROWTH  RATE  • .000112  1NCHES/HOUN 
FAST  CRACK  GRONTH  RATE  • .OAtiTAT  INCHES/HOUR 


INSPECTION  INTFRVAL  INCREASE  [HRL|N(NTE0 
C<EVFL  INTfRVAL  NON  ISol  HOURS 

0*lfVRL-|NTR»VAL  *FOn  TRW#  HOURS  •■-  

O-LFVEL  INSPECTION  PERRORMfO  ON  A/C  NO,  .121  AT  1200D  HOURS 


TNSPfCTION  TNTrRVAL  INCREASE  1 HRLfNF  NTT  G 

c-uvei  interval  nor  mi  hours 

- - »*LEVfC  l*f»t*V*L  NOR  -*»*»•  HOURS - - 

A/C  NO,  121  EXPERIENCES  1ST  CRACK  INITIATION  AT  2A2AA  HOURS 

- CRACK  - INI  use*  INTSRNALL-V  - - 

KEREN!  FAILURE  PROJECTED  A1  56020  FLIGHT  HOURS 

0*LEVEL  INSPECTION  PERFORMED  ON  A/C  NO.  121  AT  10750  HOURS 

A/C  NO,  121  HAS  INUNUAL  FIRST  CRACK  MCOW1  fMTWH  FI  2,  H INCHES  ANO  S1A25-  FLIGHT  HOURS-- 

O.LCVEL  INSPECTION  PEREORMIP  ON  A/C  NO,  121  AT  HIM  HOURS 

A/C  NCI,  121  REACHES  FAIL-S*FI  STRENGTH  AT  SS2M  FLIGHT  HOURS 

A/C  NO,  A21S2P4R1  NCAA  ALFRED! -A  AHUM  -AT- - 1*02*.  AviSM-T-HOuR* ~ 

SUR  OE  CRACK  LENGTHS  AT  FAILURE  • 17,05  INCHES 
RESIGUAL  STRENGTH  AT  FAILURE  « ,16  UL  T JNATC 

INSPECTION  INTERVAL  Of CRE ASF  IMPLFMfNTfn 

C«LlVfL  INTERVAL  NOn  6SU  HOURS 
D-LEVFL  INTfRVAL  NON  »2 OS  HOURS 

FLEET  Ntoe  SREdAL  INSPECTION  PERFORREO 
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TABLE  10.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - STRINGER,  TOP 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 


Cracks  Detected 


Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


0.00 

0.00 

0.00 

0.20 

7.30 

0.33 

3.03 

2.78 

2.53 

3.38 

12.86 

6.69 

0.00 

0.00 

0.00 

0.00 

1.67 

0.00 

0.17 

0.00 

0.17 

0.00 

2.01 

0.00 

0.67 

0.00 

0.00 

— 

0.63 

0.06 

0.33 

0.3  3 
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»1PC»»ET  TYPE:  HYB8I0 
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aiRfRaKT  TYRfi  HYRR10 

nmnnss  or  wwt  TN-Rttrsn  — - twc«>w-  s**vtef  t.mi  rbryhi  «mws 

• thus Timm.  iir«iNTt  ruswbtrwtorwiorb 

RRioietro  avfRaol  myigui  urn  losiso  hours  actual  aviRani  raYtoui  urn  maim  nouns 

a.irvn  is  hours 


C«l(VU  1 000  HOURS 
0«livri  WOOD  HOURS 


a/C  HO.  IS  KNURS  SIRVtCt  1*00  HOURS  IRON  ITSRt  OK  SIHUiaTION 


IND  CRaCH  IMI T1  at  HIM  RRQJtCTKO  at  1M*I«  KltSHI  HOURS 
1R0  csaCR  lNiTiatiON  RROJFCtrn  at  roittt  kught  hours 


salt  CRaCK  CROHTH  Rati  a ,00»*0t  INCMtl/MOUR 

THSRfCTtOH *lHTf RVRl  TNCRKSSf  tRfllRfRTIfi  ■ “ — ■ — — 

C-llVll  INTIRVal  NON  USD  HOURS 

n-Livti  iHtpauai  non  hooo  hours 


0»UVIl  INSRCCTtflH  Rf RKORHID  OH  a/C  NO.  IS  St  t»«»S  HOURS 

»/C-HW^-~fN-fltR>fRtfNerS -tst  -mgN  -tNtftSSWN-St-  tNRSS  “HOURS 

CRaCK  INltatKS  INttRNaiLY 

lUHfNT  raiiuRr  rrojictio  at  sun  kiioht  hours 
INSRICT tON  INtKRyai  1HCRIUI  IMRlIMINtlO 


n-UVll  TNTKRVai  NUN  1RTS8  HOURS 

G«t-*VSt-  INSRftTION  WtRRORHtO  ON  a/C  -NO; — IR “ tt — STSSS  "HOURS - 

a/C  NO.  IS  Has  INtCRNSL  KIRST  CRICK  Rf CONK  (XT! RNRl  St  #.T4  INCMKS  aNO  RttSI  KIIOHT  HOURS 


hi-  1 

!U  1 

»/f  no.  »r  RfacMK.s  Rm.sarr  stringtm  at  assa*  highy  hours 

’IHIFivtiOH  rrTTWTfv  4"VtTffT  Iffrlf<THTrTr 

c-irvei  INtiRvai  nor  ms  hour# 

RwllVIL  INtIRyai  NON  ISOS  HOURS 

O-llVfl  INSRKCMON  RfRKORHK  0 ON  a/C  NO.  IS  at  at  TIB  HOURS 


SUN  OK  CRRCK  UNBTMS  at  KSHURt  a M.Rf  INCHfS 
Rcsmuai  strinbth  at  rattuRf  a .is  uitiNart 


tHSRICtlON  INTKRVai  OfCRflSl  IMRltHfNYlO 

c-irvri.  THTcavai.  non  «m  hours 

r»«lfVlL  JNtMVnl  NOW  RIOS  HOURS 

Hilt  wtne  sRicm  insriciion  hrkormko 

INSRKCTtON  TNTKRVIl  TNCRl «ST  TNRtRHf  NTKO 
C-irvKl  t NTKRVai  NOW  RKR  HOURS 

o-irvii  tNtiRvai  now  m?*a  hours 

INSRICT TON  INTIRVal  INCRfaSF  JHRllHtNTIO 
CHIVH  INTIRVal  NOW  IBNR  HOURS 

o«ttm  TNTt*tai  non  iirit  hours 

INSHCUON  INtrHVtl.  INCRMSI  lMRLfHINTtO 
Cwtfm  TNTtR-m  non  ttss  noons  - - 

n«irm  iNtiRvai  nor  uoii  hours 

tNSROttTON  THTHOtaf  tNC»r*St  tHRtrHfHTtfl 
C-llVH  INtlRtai  NOW  INtt<*  HOURS 

0*llV£l  INttRyai  NOR  IBBIT  HOUHS 


TABLE  10  - Concluded 


aircraft  tyrfi  myrrio 

Ntw^rt  of  aircraft  th  fufti  sott  »tRc*AFT  srRvrer  i trn  ooono  «nuRR 

STRiiCTURAl  HT'MFNT  | FUS*STR-TOP>*t  i«H 

arfoictio  »vr»»r.r  fattgui  nut  wouhs  tnuti  ayiragp  fatiguf  itfti  fmiri  hours 

TNTtm  momrc'Tr-TRTtRma 

Kivii  n hours 

■ * • ««trw  f»e  ww*« 

c»uvn  t#ao  hours 
o-um  urn  hours 

IPFSRrCMON  tPlTFRVAl  INCHMII  TMRUHFNTtO 
C-Lf  Vf  L INTFRVAl  NOR  l JSC  HOURS 

n.trm  Tt’Tftttt  ««w  me«-wn**a - 

INSPECTION  TNTF'RVAl  TNCRIASI  wr n 

c»vfvrt.  Ti*TF»v*t  m mi  hoot *n  - - -•■ 

D-UVFT,  INTFRVTL  PFOH  ISTSO  HOURS 

«<*  m,  rro  priors  spry  ter  ***i«  worms  fro**- sparc  w sihuiattoh 

TST  CRACK  IHIMMIWI  AROJFCHO  AT  ?SR|t  FIIIM!  HOURS 

t«f«  ittiutioN  «twff no  •»»  -iMm  nuft  niwin  - 

tRo  crack  initiation  »»njrcrtn  at  jarioo  fuciht  hours 

SLOW  CRACK  GROWTH  RATI  • . 000 1 0*  INCHf  S /HOUR 

FAST  CRAPK  RROKPTM  RATF  ■ .*«PiARA  INfWFSFNOUA  

1 NSM(  CT  tOM  INTFRVAl  INCRTASt  tMturMFNTfn 

e*«.fRFi  intprvai  no#  tr*.s  h<h«»s  ■■  

n-UVFl  INTERVAL  NOW  JUSA  HOURS 
O-iFVPl  TNSRPffTON  AfRRORUfo  ONAJC  HO; RAH AT  TPRRR-WOHAS' 

»/ r ho.  aa*  t*R(Ri(Ncts  tst  crack  initiation  at  jym  hours 

CRAP*  INtTATtS  IHTFRHAUY  .....  . 

ru«r*iT  faiujas  RROJrrTro  at  saaa?  puoht  hours 


ll-UVU  INSAFCMON  RFRFORMFO  ON  A/C  NO.  Rftft  AT  SSAJA  HOURS 

ACC.  HO.  RAH  WAS  THTPRNAl  FIRST  CRACK  RFCOP*(  FRTfRHAl  AT  J*»A  IHCHFS  A HO  VIOrti  MIRW  MHU 
4/C  NO.  RAN  AFACHrS  FAIl-SAFF  SIRfNGTH  AT  *.JS*G  FllGMT  HOURS 


4/C  NM.  RAO  (KRFRINCfS  F IP  MP  NT  F4HUAF  AT  S«S»?  PlTGHT  HnURS 
3UR  OF  CRACK  IPNGThS  AT  PAILURT  » JT.oA  TNCHFS 
RF»»<WPAI  ATWHOAH  AT  AAUTFFFt  • ••«•»«  tfM***«  • 

INSPFCTION  INTFRVAl  0FCRFA8F  IMRirHFNHO 
C-IF^FC  INTfAVAl  NOR  OAR  HfHtAA 

P-lFVFl  INTFRVAl  NOR  AJM  HOURS 

riPFT  WTor  SRF  C T AC  INSPECTION  RPRFPAHPn 
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TABLE  11.  DEMONSTRATION  RESULTS  FOR  WING  - ACCESS  FRAME 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 

Cracks  Detected 


Preflight 

3.03 

0.04 

Service 

2.47 

0.49 

Phase 

4.83 

0.40 

Overhaul 

0.16 

0.81 

Special 

0.30 

0.77 

Total 

10.79 

2.51 

Corrosion  Detected 

Preflight 

2.63 

0.00 

Service 

2.00 

0.00 

Phase 

2.73 

0.00 

Overhaul 

0.03 

0.00 

Special 

0.03 

0.00 

Total 

7.42 

0.00 

Fail-Safe  Damage 

0.00 

0.18 

Failures 

0.00 

- 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0,00 
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TABLE  12.  DEMONSTRATION  RESULTS  l'OR  WING  - SPAR,  APT 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 


Cracks  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 

Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


0.83 

2.30 

0.83 

0.03 

0.00 

3.99 


0.23 

0.90 

0.17 

0.00 

0.00 


1.30 

0.00 

0.00 

0.10 

0.10 


0.11 

1.62 

0.72 

1.89 

4.42 

8.76 


0.35 

0.00 

0.00 

0.00 

0.00 

0.35 

0.04 

0.00 

0.04 
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TAB  1,  Li  13.  DliMONST RAT  1 ON  RliStll.TS  FOR  WING  - SPAR,  CENTliR 


Defects  Per  Million  Plight  Hours 
SAIPli  MRR/SDR 

Cracks  Detected 


Prof 1 ight 

0 . (i  7 

0.00 

Service 

0.90 

0.00 

Phase 

1.20 

0.00 

Overhaul 

0.00 

0.2  0 

Spec!,  al 

0.00 

0.00 

Total 

2.77 

0.20 

Corrosion  Detected 

Proflight 

0.2  0 

0.00 

Sorvice 

0.10 

0.00 

Phaso 

0.93 

0.00 

Overhaul 

0.00 

0.00 

Special 

0.00 

0.00 

Total 

1.29 

0.00 

Fail-Safe  Damage 

0.00 

0.02 

Failures 

0.00 

— 

Service  Damage 

0.00 

0.0  0 

Production  Defects 

0.03 

0 . 0 0 
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TABLE  14. 


DEMONSTRATION  RESULTS  FOR  WING  - SPAR,  FORWARD 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 

Cracks  Detected 


Preflight 

0.73 

0.04 

Service 

1.67 

0.49 

Phase 

0.90 

0.40 

Overhaul 

0.00 

0.81 

Special 

0.00 

0.  77 

Total 

3.30 

2.  51 

Corrosion  Detected 

Preflight 

0.10 

0.00 

Service 

0.90 

0.00 

Phase 

0.10 

0.00 

Overhaul 

0.00 

0.00 

Special 

0.00 

0.00 

Total 

1.10 

0.00 

Fail-Safe  Damage 

0.00 

0.18 

Failures 

0.00 



Service  Damage 

0.03 

0.00 

Production  Defects 

0.00 

0.00 
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TABLE  15.  DEMONSTRATION  RESULTS  FOR  WING  - STRINGER,  AFT 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 


Cracks  Detected 


Preflight 

4.30 

0.2  0 

Service 

7.77 

0.77 

Phaste 

7.17 

0.20 

Overhaul 

0.83 

0.85 

Special 

1.50 

1.37 

Total 

21.57 

3.39 

Corrosion  Detected 

Preflight 

0.43 

0.02 

Service 

0.77 

0.02 

Phase 

0.13 

0.02 

Overhaul 

0.10 

0.02 

Special 

0. 53 

0.02 

Total 

1.96 

0.10 

Fail-Safe  Damage 

0,00 

0.04 

Failures 

0.00 

.... 

Service  Damage 

0.23 

0.00 

Production  Defects 

0.10 

0.04 
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TABLE  16.  DEMONSTRATION  RESULTS  FOR  WING  - STRINGER 


CENTER 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 

Cracks  Detected 


Preflight 

5.30 

0.15 

Service 

10.30 

0.22 

Phase 

11.27 

0.64 

Overhaul 

2.53 

1.05 

Special 

2.33 

1.49 

Total 

Corrosion  Detected 

31.73 

3.55 

Preflight 

0.40 

0.00 

Service 

0.73 

0.15 

Phase 

0.30 

0.00 

Overhaul 

0.30 

0.04 

Special 

0.50 

0.33 

Total 

2.23 

0.53 

Fail-Safe  Damage 

0.00 

0.28 

Failures 

0.00 

Service  Damage 

0.17 

0.00 

Production  Defects 

0.13 

0.00 

ro 
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TABLE  16  - Continued 


AIRCRAFT  TTt'El  HYBRID 

NU«ms  OF  IN  FLEETl  BOO  A I RCM  AF  T S t R V 1 Ct  LIFE!  (.0000  HOURS 

STRUCTURAL  ELEMENT  I wNG-STR-LSC-0294 

RRLOlCTfD  AVf HAG£  FAIIGUf.  LIFti  240120  HOURS  ACTUAL  AVERAGE  FATIGUE  LIFE!  215924  HOURS 


NUMBER  AND  TIME  TO  INITIATION  OF'  AIRCRAFT  DEFECTS 


FIRST  CRACK 

CORROSION 

SERVICE 

DAMAGE 

PRODUCTION 

DEFECTS 

OCCURRENCES 

ft 

« 

0 

0 

MIMHHS) 

sons 

0 

0 

MAR ( HRS } 

SFARR 

0 

0 

AVG(HRS) 

SSRT7 

0 

0 

NUMBER  AND 

LENGTH  OF  CRACKS  DETECTED  AT  EACH 

LEVEL  OF 

INSPECTION 

■A.LtvEL 

BILEVEL 

C-LEVEL 

U-LEVEL 

special 

OCCURRENCES 

0 

4 

1 

0 

1 

M| N ( I N) 

0. 

.AT 

.5S 

0. 

.»» 

MAX(IN) 

0. 

.55 

.51 

0. 

.98 

AVG(IN) 

0. 

.52 

.51 

0. 

«RS 

NUMBER  AND  AREA 

OF  CORROSION  DEFECTS 

DETECTED  AT  1 

IACH  LEVEL 

OF  INSPECTION 

' 

a. level 

B-LfVtC 

C.LEVEL 

D-LEVEL 

SPECIAL 

OCCURRENCES 

0 

0 

0 

Q 

0 

M|N(SO,!N) 

0. 

0. 

0. 

0. 

o# 

MATH  SO, IN) 

0. 

0, 

0. 

0, 

o« 

AVG(SO.IN) 

u , 

0. 

0. 

0. 

o« 

INSPECTION 

INURV*L»<HRS) 

INITIAL 

2S 

100 

1000 
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TABLE  17.  DEMONSTRATION  RESULTS  FOR  WING  - STRINGER,  FORWARD 
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5/1  ; 


Cracks  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 
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TABLE  18.  DEMONSTRATION  RESULTS  FOR  WING  CENTER  SECTION 
STRINGER,  AFT 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 

Cracks  Detected 


Preflight 

0.00 

0.00 

Service 
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0.00 

Phase 

0.37 

0.00 

Overhaul 

0.07 
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Special 

0.00 

0.06 

Total 

0.53 

0.12 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.57 

0.03 

Phase 

2.10 

0.03 

Overhaul 

0.03 

0.00 

Special 

0.00 

0.08 

Total 

2 .70 

0.14 

Fail-Safe  Damage 

0.00 

0.00 

Failures 

0.00 

- - - - 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.00 
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TABLE  19.  DEMONSTRATION  RESULTS  TOR  WING  CENTER  SECTION  - 
STRINGER,  CENTER 


Defects  Per 
SAIFE 

Million  Flight  Hour 
MRR/SDR 

Cracks  Detected 

Preflight 

0.00 

0.  04 

Service 

0.43 

0. 04 

Phase 

0.83 

0. 04 

Overhaul 

0.07 

0.40 

Special 

0.00 

0.18 

Total 

1.33 

0.  70 

Corrosion  Detected 

Pref 1 ight 

0.00 

0.08 

Service 

0.70 

0.30 

Phase 

1.57 

0.00 

Overhaul 

0.07 

0.93 

Special 

0.00 

0.46 

Total 

2.34 

1.77 

Fail-Safe  Damage 

0.00 

0.17 

Failures 

0.00 

— 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.04 
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TABLli  20.  DEMONSTRATION  RESULTS  TOR  WING  CENTER  SECTION 
STRINGER,  EOR1VARD 


Defects  Per  Million  Flight  Hour 
SAIFE  MRR/SDR 


Cracks  Detected 

Preflight 

0.00 

0.00 

Service 

0.17 

0.25 

Phase 

0.37 

0.4  5 

Overhaul 

0.00 

0.14 

Special 

0.00 

2.76 

Total 

0.  S4 

3.60 

Corrosion  Detected 

Pre flight 

0.00 

0.00 

Service 

0.50 

0.03 

Phase 

1 . S3 

0.00 

Overhaul 

0.00 

0.05 

Special 

0.00 

0.03 

Total 

2 . 03 

0.11 

Fail-Safe  Damage 

0.00 

0.11 

Failures 

0.00 

- ...  - 

Sorvice  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.00 
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STRUCTURAL  FAILURES  residual  strersth  equals  fail-safe  strength 

AIRCRAFT  HO.  FIT.  HOURS  ST*.  NO.  AIRCRAFT  *0.  FLT . HOURS  STA.  *D 


TABLE  21.  DEMONSTRATION  RESULTS  FOR  WING  CENTER  SECTION  - 
SPANWISE  BEAM,  AFT 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 

Cracks  Detected 


Preflight 

0.00 

0.04 

Service 

0.20 

0.12 

Phase 

0.10 

0.04 

Overhaul 

0.00 

0.28 

Special 

0.03 

0.12 

Total 

0.33 

0.00 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.03 

0.04 

Phase 

0.00 

0.00 

Overhaul 

0.13 

0.04 

Special 

0.07 

0.00 

Total 

0.23 

0.17 

Fail-Safe  Damage 

0.00 

0.00 

Failures 

0.00 

— 

Service  Damage 

0.13 

0.00 

Production  Defects 

0.00 

0.00 
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TABLE  22,  DEMONSTRATION  RESULTS  FOR  WING  CENTER  SECTION  - 
SPANWISE  BEAM,  CENTER 


Defects  Per  Million  Flight  Hours 
SAIFK  MRR/SDR 

Cracks  Detected 


Preflight 

0. 00 

0.00 

Service 

0.10 

0.02 

Phaso 

0.03 

0.02 

Overhaul 

0.00 

0.19 

Special 

0.00 

0.00 

Total 

0.13 

i ^ 

i = 

Corrosion  Dotocted 

Preflight 

0.00 

0.00 

Service 

0.00 

0.00 

Phase 

0.03 

0.09 

Overhaul 

0.13 

0.00 

Special 

0.10 

0.00 

Total 

0.20 

0.09 

Fail-Safe  Damage 

0.00 

0.00 

Failures 

0.00 

Service  Damage 

0.03 

0.00 

Production  Defects 

0.00 

0.00 
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TABLE  23.  DEMONSTRATION  RESULTS  FOR  WING  CENTER  SECTION 
SPANW1SE  BEAM,  FORWARD 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SDR 


Crack.  Detected 


Preflight 

0.00 

0.00 

Service 

0.10 

0.14 

Phase 

0.03 

0.29 

Overhaul 

0.03 

0.07 

Special 

0.07 

1.24 

Total 

0.23 

1.74 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.10 

0.13 

Phase 

0.07 

0.00 

Overhaul 

0.07 

0.00 

Special 

0.03 

0.00 

Total 

0.27 

0.13 

Fail-Safe  Damage 

0.00 

CT 

O 

o 

Failures 

0.00 

— 

Service  Damage 

0.03 

0.09 

Production  Defects 

0.00 

0.00 
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TABLE  24.  COMPARISON  OE  RESULTS  IN  DEMONSTRATION  STAGES  FOR 
DOOR  FRAME 

Defects  per  Million  Flight  Hours  - SA1PE 


1st 


Cracks  Detected 

Preflight 

1.97 

Service 

2.23 

Phase 

21.30 

Overhaul 

2.80 

Special 

1.80 

Total 

30.10 

Corrosion  Detected 

Preflight 

0.4  3 

Service 

0.03 

Phase 

1.46 

Overhaul 

0.90 

Spec i al 

0.13 

Total 

2.95 

Fail-Safe  Damuge 

0.00 

Failures 

0.00 

Service  Damage 

0.43 

Production  Defects 

0.00 

2nd 

3rd 

Final 

0.46 

0.40 

0.53 

0.53 

0.4  7 

0.60 

3.20 

3.40 

2.63 

0.17 

0.03 

0.13 

0.03 

0.03 

0.00 

4 . 39 

4 . 33 

3.89 

0.57 

0.40 

0.47 

0.33 

0.57 

0.30 

0.70 

0.70 

1.00 

0.10 

0.00 

0.00 

0.00 

0.00 

0.00 

1 . 70 

1.67 

1.77 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.27 

0.43 

0.2  7 

0.00 

0.00 

0.00 
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TABLE  25.  1 >MP ARISON  OF  RESULTS  IN  DEMONSTRATION  STACKS  FOR 

\ MG  CENTER  SECTION  - SPANMSE  BEAM , AFT 


Do  foots 

por  Million 

FI ight 

Hours  - SAIFK 

1st 

2nd 

3rd 

Final 

Cracks  Detected 

Preflight 

0.00 

0.00 

0.00 

Service 

0.73 

0.13 

0.2  0 

Phaso 

0.90 

0.00 

0.10 

Overhaul 

1.27 

0.00 

0.00 

Special 

0.93 

0.00 

0.03 

Total 

3.83 

0.13 

rH 

♦o 

c\J 

0.33 

Corrosion  Detected 

Prof 1 ight 

0.00 

0.00 

rH 

•H 

OJ 

$ 

0.00 

Service 

0.00 

0.13 

0.03 

Phase 

0.03 

0.07 

V 

0.00 

Overhaul 

0.27 

0.00 

aj 

0.13 

Special 

0.13 

0.03 

0.07 

Total 

0.4  3 

0,23 

Q 

0.23 

Fail-Safe  Damage 

0.07 

0 . 0 0 

0.00 

Fui lures 

0.00 

0.00 

0.00 

Service  Damage 

0.20 

0.03 

0.13 

Production  Defects 

0.03 

0.00 

0.00 
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TABLE  26.  COMPARISON  OF  RESULTS  IN  DEMONSTRATION  STAGES  FOR 
WING  CENTER  SECTION  - SPANWISE  BEAM,  CENTER 


Defects 

per  Million 

Flight 

Hours  - SAI 

1st 

2nd 

3rd 

Final 

Cracks  Detected 

Preflight 

0.00 

0.00 

0.00 

Service 

0.67 

0.03 

0.10 

Phase 

1.03 

0.03 

0.03 

Overhaul 

1.63 

0.07 

0.00 

Special 

1.10 

0.00 

0.00 

Total 

4.43 

0.13 

rH 

•Q 

0.13 

Corrosion  Detected 

rH 
• H 

CtJ 

Preflight 

0.00 

0.00 

> 

< 

0.00 

Service 

0.03 

0.10 

e~\ 

0.00 

Phase 

0.07 

0.00 

w 

as 

0.03 

Overhaul 

0.27 

0.13 

nj 

0.13 

Special 

0.23 

0.10 

■M 

nj 

0.10 

— 

Q 

Total 

0.50 

0.33 

0.26 

Fail-Safe  Damage 

0.03 

0.00 

0.00 

Failures 

0.03 

0.00 

0.00 

Service  Damage 

0,10 

0.07 

0.03 

Production  Defects 

0.00 

0.00 

0.00 
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: ■ 

' f 

Pref 1 ight 

0 . 0 0 

0.00 

< 

0 . 0 0 

!,;  ■ ■ 

; , 

Service 

0.03 

0.07 

+-> 

0.10 

■V’l 

Phase 

0.03 

0.03 

O 

0.07 

Overhaul 

0.13 

0.07 

cd 

0.07 

■\ 

Special 

0 . 3 3 

0.00 

+-J 

cd 

0 . 0 3 

— 

Q 

— 

Total 

0.52 

0.17 

0.2  7 

v:  ■ 

Pail -Safe  Damage 

0.23 

0.03 

0.00 

Pui lures 

0.10 

0.03 

0.00 

Service  Damage 

0.2  3 

0.03 

0.0  3 

Production  Defects 

0.00 

0.00 

0 . 0 0 

TABLE  27. 


COMPARISON  OP  RESULTS  IN  DEMONSTRATION  STAGE, S POR 
WING  CENTER  SECTION  - SPANWISE  BEAM,  PORWAR1) 


Corrosion  Detected, 


cd 

» — i 
‘H 
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. 1) 

Defer  ts 

per  Million 

Plight  Hours  - SAT  PH 

• •;  i 

> 

1st 

2nd 

3rd  P’i  nal 

1 

Cracks  Detected 

I 

Preflight 

0.00 

0.00 

0.00 

I 

Service 

1.00 

0.0  3 

0 . 1 0 

1 

Phase 

1.53 

0.00 

0 . 0 3 

m 

Overhaul 

1.40 

0.03 

0 . 0 3 

p 

Special 

2.4  0 

0.03 

0.07 

hi 

Total 

6 . 3 3 

0.09 
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APPENDIX  A 


The  results  of  AFS-510  demonstration  with  the  revised  model  are  presented  in 
this  Appendix  A to  Volume  V.  The  tables  roughly  correspond  with  the  tables  of 
Volume  V,  A sample  of  the  demonstration  case,  using  approximately  10%  of  the 
elements  on  the  complete  airplane,  was  also  run  using  the  sampling  technique 
developed,  and  these  results  are  also  presented  in  Tables  1,  2A  and  2h. 

The  ratio  of  total  number  of  cracks  detected  in  the  simulation  to  the  number  of 
cracks  reported  in  MRR's  (Column  (a)  of  table  l)  did  not  change  greatly  (2-30 
and  3.02  for  demo  and  sample  vs.  3.17  for  original  demo)  from  the  original 
Tech.  Inc.  demonstration  and  for  the  reasons  given  in  Volume  V,  is  considered 
realistic. 

The  ratio  of  the  total  number  of  cracks  occurring  in  die  simulation,  to  cracks 
detected  (column  (b)  table  1)  has  increased  (2.74  and  2.51  for  demo  and  sample 
vs.  1.88  for  original  demo)  from  the  original  Tech  Inc.  demonstration.  'Ibis  is 
attributed  to  the  lower  inspection  reliability  used  in  die  revised 
demonstration.  This  lower  inspection  reliability  is  considered  more  realistic 
as  it  based  on  a rational  analysis  of  actual  MRU  reports.  'Hie  higher  ratio  is 
also  some-what  supported  by  an  USAF’  study  in  which  it  was  determined  by  a 
complete  structural  teardown  and  NOT,  inspection  on  two  KC-135  full  scale  wing 
fatigue  tests,  that  only  one-fifth  of  die  cracks  present  were  found  in  the 
normal  test  inspection  program. 

Columns  (c)  and  (d)  of  table  1 list  the  larger  cracks  experienced  in  die  Cull 
demonstration  and  the  sample.  The  sample  results  are  based  on  die  extrapolation 
method  of  predicting  largest  cracks  in  the  complete  fleet  based  on  the 
distribution  of  die  frequency  and  length  of  cracks  in  the  sample.  Hu?  agreement 
between  the  full  demonstration  and  the  sample  is  (good,  indicating  that.  70  to  90% 
of  fail  safe  crack  length  would  bo  equaled  or  exceeded  5 times  in  the  life  of 
the  fleet  and  that  cracks  as  large  as  161%  (full  demo,  31  inches  in  side 
stringer)  and  135%  of  fail-safe  length  (sample,  26  inches  also  in  side  stringer) 
would  occur.  These  large  cracks  did  not  cause  any  failures  in  these  particular 
simulation  runs.  'Lhe  capability  to  predict  the  percent  of  fail-safe  length 
equaled  or  exceeded  by  the  5 largest  cracks  was  added  to  die  sample. 

Columns  (e)  and  (f)  of  table  1 give  the  estimated  failure  rates  based  on  two 
different  estimation  methods  for  both  the  full  demonstration  and  sample,  "die 
method  of  column  (e)  merely  divides  die  failure  rates  of  the  sample  by  the 
decimal  percent  of  the  sample.  This  method  ignores  die  possibility  that,  the 
larger  exposure  in  a simulation  of  die  complete  airplane  would  result  in  longer 
cracks  with  a much  higher  risk  of  failure.  The  method  of  column  (1  ) in  based  on 
extrapolation  of  die  sample  crack  frequency,  length  and  probability  of  failure 
to  cover  the  complete  airplane.  This  method  is  considered  more  realistic.  The 
sample  and  full  demonstration  failure  rate  estimates  are  in  reasonable  agreement 
although,  the  sairple  failure  rate  estimates  are  generally  lower.  Great,  credence 
should  not  be  placed  on  the  absolute  value  of  the  estimated  failure  rates 
because  the  input  and  relationships  in  die  simulation  are  only  approximate  and 
because  of  the  statistical  nature  of  the  simulation,  the  results  nay  vary 
considerably  from  run  to  run.  However,  it  is  of  interest  to  note  that  die 
simulation,  which  is  evaluating  a typical  wido-body  design  opera t ing  under 
typical  inspection  programs  and  practices,  predicts  failure  rates  (5.83  x 10“ 10 
for  full  demo,  2.84  x 10*®  for  sample)  which  meet  the  widely  accepted  criteria 
of  less  than  one  failure  in  10  9 airplane  hours.  As  would  tie  expected 
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for  these  failure  rates,  no  failure  occurred  in  a simulation  covering  5 n 10  7 
airplane  flight  hours.  "Failure"  is  defined  as  the  complete  structure  being  no 
longer  capable  of  supporting  the  flight  or  pressure  loads,  as  applicable. 

Sample  estimates  of  failure  rates  and  the  percent  of  fail-safe  crack  length 
equaled  or  exceeded  by  the  5 largest  cracks  will  be  used  in  the  forthcoming 
parametric  trend  studies  to  gauge  the  effect  on  safety  by  varying  design 
parameters,  inspection  programs  and  operating  practices.  Crack  length  was  added 
as  an  indicator  because  failure  rate  estimates  are  quite  volatile. 

Table  2A  simulation  results  show  good  agreement  with  MRR  data  in  the  percent  of 
cracks  detected  at  each  inspection  level.  Approximately  67*  of  the  cracks  were 
detected  in  the  simulation  in  the  close  or  detailed  inspection  (overhaul  and 
special)  compared  to  78*  reported  in  the  MRU's.  Only  20  to  30*  of  the  cracks 
were  detected  in  area  or  cursory  type  inspections.  Here  again,  there  is  good 
agreement  between  the  full  demonstration  and  sample,  and  the  revised  simulation 
is  much  closer  to  MRR  experience  than  the  initial  simulation  reported  in 
Volume  V. 

Table  213  shows  good  correlation  between  the  average  length  crack  detected  in  the 
sample  (1.718  inches)  the  full  demonstration  (1.515  inches)  and  the  MRR's  (1.567 
inches)  and  improved  correlation  over  the  initial  demonstration  (.95  inches  with 
unrealistic  fuselage  side  frame  results  removed).  This  improved  correlation 
supports  the  lower  inspection  reliability  curves,  based  on  MRR  studies,  and  used 
in  the  revised  program  demonstration. 

The  summary  of  full  demonstration  results  arc  given  in  tables  3 through  24  for 
each  element  type.  Table  8 in  Volume  V was  ommitted  because  fuselage  tot tom 
stringers  were  not  included  in  the  full  demonstration  an  progressive 
circumferential  failures  were  not  considered  probable  because  of  the  low  stress 
and  the  primary  compressive  loading  of  this  structure. 

The  fuselage  side  stringers  and  wing  lower  surface  center  stringers  dominate  the 
failure  rate  prediction  for  flight  structure  and  the  fuselage  window  frames 
dominate  the  failure  rate  for  pressure  structure  in  the  particular  simulation 
run  made  for  the  full  demonstration.  The  complete  three  page  short  list 
computer,  printout  is  included  in  table  9 for  the  risk  dominating  fuselage  side 
stringer  element  (station  1100).  The  first  page  lists  the  random  number  seeds 
needed  to  duplicate  tire  run;  aircraft  number  for  aircraft,  which  experience 
corrosion,  production  or  service  damage;  the  simulation  time  at  which  first 
crack  is  discovered;  inspection,  modification  and  repair  costs  and  simulation 
time  for  each  modification  evaluation;  and  cracks  found  in  internal  inspection. 
The  second  page  is  the  standard  short  list  and  the  third  page  gives  aircraft 
number  or  each  element  which  cracks;  aircraft  flight  tours  when  the  crack  was 
terminated  by  repair,  modif ication,  retirement  or  failure;  crack  length  at 
termination;  and  probability  of  failure  associated  the  crack  in  each  element. 
From  the  short  list  and  input  for  station  1100  it  can  be  deduced  that  the 
dominating  crack  was  initiated  by  service  damage  at  21447  flight  tours  on 
aircraft  number  408,  wan  external  end  grew  without  detection  to  19.44  inches  at 
58255  flight  hours  and  to  31.19  inches  at  retirement  at  60,000  flight  tours 
without  experiencing  a load  in  excess  of  residual  strength.  A and  R level 
inspections  were  not  considered  effective  in  this  area  and  non  exploratory  C and 
D inspections  were  being  made  at  3520  to  4399  and  23,730  to  29663  hour  intervals 
during  this  period  with  the  knowledge  that  one  crack  had  been  found  in  this 
area.  The  problem  illustrated  by  this  case  does  not  lend  itself  to  easy 
solution.  The  actual  fatigue  life  was  adequate  and  the  frequency  of  costly 
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detailed  inspections  would  have  to  be  significantly  increased  to  assure 
detection  of  fatigue  cracks  initiated  by  random  service  damage. 

The  short  list  computer  printout  is  also  included  in  Table  16  for  the  risk 
dominating  wing  lower  surface  center  stringer  elements  (stations  0543  & 0807). 
Station  0543  element  had  a marginal  fatigue  life  (i.e.,  66752  hours  vs.  120,000 
hours)  but  as  indicated  by  a fatigue  test  life  of  9,999,999  hours,  did  not  have 
a valid  fatigue  test  and  service  repair  and  inspection  costs  did  not  justify  a 
service  mod if ication;  the  D inspection  interval  was  reduced  as  u result,  of 
service  cracks  but  the  dominate  fatigue  crack  of  2.91  inches  was  never  detected 
prior  to  retirement.  This  type  of  problem  could  be  alleviated  by  a more 
complete  or  realistic  fatigue  test.  Similar  to  fuselage  stringer  1100,  the 
dominate  crack  (4.23  inches)  in  station  0807  element  was  also  initiated  early  by 
service  damage  and  not  detected  prior  to  retirement  under  the  long  inspection 
intervals  late  in  the  program.  However  in  this  case  the  actual  fatigue  life  was 
marginal  but  was  not  detected  in  a valid  fatigue  test  and  service  cracks  did  not. 
generate  a service  modification  or  an  inspection  interval  reduction. 

A short  list  computer  printout  is  also  included  in  table  4 for  the  risk 
dominating  fuselage  window  frame  element  (station  0930).  'Hie  short  list  and 
input  data  indicate  that  the  initial  element  actual  fatigue  life  was  marginal. 
This  was  detected  in  the  fatigue  test  thus  generating  a production  nullification 
but  no  retrofit  on  early  service  aircraft.  Due  to  an  error  in  the  program,  the 
production  modification  was  not  fatigue  tested  and  had  a higher  but  still 
marginal  fatigue  life.  Service  cracks  detected  on  early  unmodified  elements 
generated  a double  reduction  in  the  external  D inspection  interval  to  2481  hours 
but  no  increase  in  sampling  as  no  cracks  were  ever  found  in  the  internal 
sampling  inspections.  Apparently  two  internal  cracks  initiated  simulatanoously 
on  opposite  corners  on  aircraft  489  and  grew  at.  twice  the  rate  of  a single  crack 
to  a total  length  of  6.8  inches  lief  ore  becoming  external.  These  cracks  were 
subsequently  missed  in  several  external  non-exp loratory  D and  C inspect  ions  (A 
and  D inspections  were  not  considered  effective  for  tills  area)  and  grew  to  a 
total  length  8.08  inches  when  terminated  by  [retirement . This  type  of  problem 
could  be  alleviated  by  fatigue  testing  of  modifications,  more  thorough 
evaluation  and  investigation  of  cracks  detected  in  service  and  more  frequent 
internal  sampling. 


Conclusions 


A comparison  between  the  results  of  the  full  demonstration,  sample  simulations 
and  past  service  experience  indicates  that  the  revised  program  and  input,  are 
reasonably  realistic  and  that  tire  sampling  technique  is  adequate  for  use  in 
trend  studies  of  model  parameters.  These  studies  could  he  user!  as  an  aid  in 
evaluation  design  and  inspection  criteria  and  practices.  Responsible  interested 
parties  may  obtain  computer  card  decks  for  the  program,  demanstrat ion  and  sample 
inputs  oil  loan  for  duplication  from  AFS-510,  Aeronautical  Center,  Federal 
Aviation  Administration,  Oklahoma  City,  Oklahoma. 
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table  1.  (Continued) 
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No  actual  failures  occur ed  in  demonstration  run. 


Preflight 

Service 

Phase 

Overhaul 

Special 


Total 


POLL 


Cracks 

% of 

Detected 

Ttotal 

24.87 

9.56 

20.89 

8.03 

28.49 

10.95 

147.24 

56.59 

38.69 

14.87 

260.18 

100.00 

SAMPLE 


Cracks 

% of 

Detected 

i*>tal 

25.34 

7.82 

20.81 

6.42 

29.86 

9.22 

200.45 

61.87 

47.51 

14.66 

323.98 

100.00 

MRR-SDR 


Cracks 

% of 

Detected 

Total 

2.87 

4.3 

7.93 

11.8 

10.94 

16.3 

24.21 

36.1 

21.14 

31.5 

67.09 

100.0 

TABLE  2B  COMPARISON  OP  SIZE  OP  CRACKS  DETECTED 


Pee flight 
Service 
Phase 
Overhaul 
Special 
Fuselage  Total 
Wing  Total 
Total 

* All  reports, 


FULL 

Average  Length 
( inches ) 

1.573 

1.719 

1.688 

1.375 

1.771 

1.741 

1.118 

1.515 


SAMPLE 

Average  Length 
( inches) 

1.943 

1.812 

2.505 

1.467 

2.014 

1.815 

1.470 

1.718 


MRR-SDR 
Average  Length 
Where  reported 
(indies) 


1.99 

2.16 

2.089  (1.567)* 


assuming  5/8"  length  when  not  reported. 


TABLE  3.  DEMONSTRATION  RESISTS  FOR  DOOR  FRAME 
( FUS-DOR-FRM  & FUS  DOR-FRF ) 


Grade  Detected 

Pre flight 

Service 

Phase 

Overhaul 

Special 

Total 


Corrosion  Detected 

Pre flight 

Service 

Phase 

Overhaul 

Special 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 

(*)  FUS-DOR-FRF  only 


Defects  Per  Million  Flight  Hours 
SAIFE  (*)  MRR/SDR 


0.00  (0.00) 
0.47  (0.00) 
1.73  (0.20) 
5.54  (0.07) 
3.13  (0.33) 

lOT  TCTSoT 


0.16 

0.08 

0.93 

0.55 

0.08 

Tj3o 


0.00  (0.00)  0.00 

0.74  (0.07)  0.06 

0.20  (0.00)  0.12 
14.93  (13.33)  0.12 
0.33  (0.00)  0.00 

ra  ( ii. iff)  o 


0.00  (0.00)  0.02 

0.00  (0.00)  

0.23  (0.00)  0.15 

0.00  (0.00)  0.00 
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.29*  .29*  .293 


TABLE  4.  DEMONSTRATION  RESULTS  FOR  WINDOW  FRAME 
(FUS-WIN-FRM  t PUS -WIN -FRF) 


Defects  Per 

Million 

Flight  HourB 

SAIFE  (*) 

MRR/SDR 

Crack  Detected 

Prof light 

0.00 

(0.00) 

0.06 

Service 

0.00 

(0.00) 

0.06 

Phase 

2.74 

(0,67) 

0.12 

Overhaul 

13.40 

(0.80) 

0.67 

Special 

2. 86 

(0.33) 

0.18 

Total 

TOff 

TTTTOT 

TTBff 

Corrosion  Detected 

Preflight 

0.00 

(0.00) 

0.02 

Service 

0.00 

(0.00) 

0.00 

Phase 

0.00 

(0.00) 

0.02 

Overhaul 

0.27 

(0.07) 

0.02 

Special 

0.00 

(0.00) 

0.02 

Total 

or 

tort 

Off 

Fail-Safe  Damage 

0.00 

(0.00) 

0.02 

Failures 

0.00 

(0.23) 

— — 

Service  Damage 

0.43 

(0.07) 

0.18 

Production  Defects 

0.23 

(0.23) 

0.00 

(*)  FUS-WIN-FRF  only 

q;' 
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TABLE  5.  DEMONSTRATION  RESULTS  FOB  FUSELAGE  - 
MAIN  FRAME,  BOTTOM 


Defects  Per  Million  Flight  Hours 


SAIFE 

MRR/SDR 

Grade  Detected 

Prof light 

5.83 

0.57 

Service 

2.80 

0.67 

Phase 

1.30 

0.47 

Overhaul 

9.80 

1.53 

special 

1.27 

0.38 

Total 

207 

rn 

Corrosion  Detected 

Preflight 

0.43 

0.34 

Service 

0.13 

1.10 

Phase 

0.07 

0.41 

Overhaul 

1.83 

1.99 

Special 

0.63 

0.55 

Total 

IW 

O 

Fail-Safe  Damage 

0.00 

0.22 

Failures 

0.00 

— 

Service  Damage 

0.73 

0.44 

Production  Defects 

0.17 

0.06 
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tmju  6.  ova's™.™ ' IWIN  R,W<f:' 

SIDE  (RJS-MFR-SID  b FUS-MFF-blO) 

a 

i 

! 

Crack  Detected 

Defeota  Per  Million 
SAIFE  (*) 

0.00  (0.00) 

Plight  Hours 

MRR/SDR 

0.34 

i 

Pee flight 

0.00  (0.00) 

0.69 

Service 

4.80  (1.40) 

0.76 

Phase 

29.07  (8.67) 

3.57 

Overhaul 

10.06  (5.33) 

0.69 

Special 

■total 

TTwr^r 

6.0? 

\ 

1 

i 

Corrosion  Detected 

0.00  (0,00) 

0.00 

Preflight 

0.00  (0.00) 

0.07 

Service 

0.20  (0.13) 

0.07 

Phase 

2.00  (1.33) 

0.54 

Overhaul 

0.20  (0.07) 

0.07 

ST7S 

Special 

MoinsiT 

Total 

0.00  (0.00) 

0.04 

Pail-Safe  Damage 

0.00  (0.00) 

— 

Failures 

0.50  (0.03) 

0.33 

Service  Damage 

0.07  (0.00) 

0.15 

Production  Defects 

( * ) fus-hff-sio  only 


•) 

j 

| 


f 


100 


AVERAGE  FLI6WT  CRACKS  1*605  1.605  .318  .*1* 

AVERAGE  PRESSURE  CRACKS  *561  *561  •*?!  .471 


TABLE  7.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - MAIN  FRAME,  TOP 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/3DR 

Crack  Detected 

Preflight  0.00  0.00 

Service  0.00  0.00 

Phase  2.21  2.06 

Overhaul  6.07  1.57 

Special  1.37  1.14 

Total  9757  5757 


Corrosion  Detected 

Preflight  0.00  0.00 
Service  0,00  0.00 
Phaae  0.07  0.00 
Overhaul  0.31  0.00 
Special  0.07  0.00 
Total  07  Off 


Fail-Safe  Damage  0.00  0.00 

Failurou  0.00  

Service  Damage  0.33  0.02 

P’-oduction  Defects  0.10  0.15 


*iac»*n  tts'E:  ktbsid 


mate  8.  FUSELAGE  - STRINGER,  8OTKW  (NOT  INCLUDED  IN  REVISED  CSNlWWATWN 


i 


:( 


TABLE  9.  DEMONSTRATION  RESULTS  FOR  FUSELAGE  - STRINGER,  SIDE 


Crack  Detected 


Defect:*  Per  Million  Plight  Hours 
SAIFE  MRR/SOR 


Pre flight 

Service 

Phase 

Overhaul 

Special 

Total 


0.00 

0.34 

0.00 

0.69 

1.80 

0.76 

14.40 

3.57 

4.87 

0.69 

1TJ57 

05 

Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


0.00 

0.00 

0.00 

0.07 

0.73 

0.07 

1.40 

0.54 

0.07 

0.07 

Off 

05 

0.03 

0.04 

0.00 

— 

0.20 

0.31 

0.17 

0.15 

106 


TABLE  10.  DEMONSTRATION  RESULTS  FUR  FUSELAGE  - STRINGER,  TOP 


Crack  Detected 


Defects  Per  Million  Plight  Hours 
SAIFE  MRR/SDR 


Pro flight 

Service 

Phase 

Overhaul 

Special 

Total 


0.00 

0.00 

0.00 

0.20 

1.53 

0.33 

5.70 

2.78 

2.07 

3.38 

Off 

Corrosion  Detected 

Pre flight 

Service 

Phase 

Overhaul 

Special 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


0.00 

0.00 

0.00 

0.00 

0.53 

0.00 

0.83 

0.00 

0.03 

0.00 

T7S9 

0 . Off 

0.00 

0.00 

0.00 

— 

0.20 

0.06 

0.07 

0.33 

1 1 1 


ilf-CSAFT  TYPE:  MYWID 


XfcBLE  11.  DEMONSTRATION  RESULTS  FOR  WING  - ACCESS  FRAME 


Crack  Detected 


Defects  Per  Million  Plight  tours 
SAIFE  MRR/SDR 


Prof light 

Service 

Phase 

Overhaul 

Special 

Total 


Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


AFT  TT^F : hf^HlO 


TABLE  12.  DEMONSTRATION  RESULTS  FOR  WING  - SPAR,  AFT 
(WNG-SPR-AFT  & WN3-SPS-AFT) 


Defects  Per 

Million 

Flight  fours 

SAIFE 

: (*) 

MRR/SDR 

Crack  Detected 

Pre flight 

0.40 

(0.00) 

0.11 

Service 

0.47 

(0.00) 

1.62 

Phase 

1.13 

(0.20) 

0.72 

Overhaul 

3.34 

(1.27) 

1.89 

Special 

0.40 

(0.20) 

4.42 

Total 

5773“ 

717571 

OS 

Corrosion  Detected 

Preflight 

0.20 

(0.00) 

0.35 

Service 

0.07 

(0.00) 

0.00 

Phase 

0.07 

(0.00) 

0.00 

Overhaul 

0.20 

(0.00) 

0.00 

Special 

0.07 

(0.00) 

0.00 

Total 

or 

TOOT 

05 

Fail-Safe  Damage 

0.00 

(0.00) 

0.04 

Failures 

0.00 

(0.00) 

— 

Service  Damage 

0.00 

(0.00) 

0.00 

Production  Defects 

0.03 

(0.00) 

0.04 

{*)  WNG-SPS-AFT  only 
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*4.16*1  CPACKS  1«*6S  1.6«  .MS  .-l- 


TABLE  13.  DEMONSTRATION  RESULTS  FOR  WING  - SPAR,  CENTER 


Defects  Per  Million 

Flight  Hours 

SAIFE 

MRR/SDR 

Crack  Detected 

Pre flight 

4,47 

0.00 

Service 

3.60 

0.00 

Phase 

2,40 

0.00 

Overhaul 

16.60 

0.20 

Special 

6.47 

0.00 

Total 

TT3T 

Corrosion  Detected 

Preflight 

0.33 

0.00 

Service 

0.00 

0.00 

Phase 

0.07 

0.00 

Overhaul 

0.27 

0.00 

Special 

0.20 

0.00 

Total 

07 

0700 

Fail-Safe  Damage 

0.0 

0.02 

Failures 

0.00 

— 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.00 

118 


TABLE  14. 


Crack  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


DEMONSTRATION  RESULTS  FOR  WING  - SPAR,  FOWARD 


Defects  Per  Million  Flight  Hours 
SAIFE  MRR/SOR 


0.00 

0.00 

0.00 

0.00 

0.00 

TOT 


0-04 

0.49 

0.40 

0.81 

0.77 


775T 


Corrosion  Detected 

Pre flight 

Service 

Phase 

Overhaul 

Special ' 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects 


0.20 

0.00 

0.07 

0,00 

0.13 

0.00 

0.73 

0.00 

0.00 

0.00 

THT 

TOT 

0.00 

0.18 

0.00 

— 

0.00 

0.00 

0.00 

0.00 

A13C**FT  TYKE:  HYrJWlD 
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TABLE  15.  DEMONSTRATION  RESULTS  FOR  WING  - STRINGER,  AFT 
(WNGH3TR-AFT  & WNG-STS-AFT) 


Crack  Detected 


Defects  Per  Million  Flight  Hours 
SAIFE  (»)  MRR/SDR 


P re flight 

Service 

Phase 

Overhaul 

Special 

Total 


5.27  (1.27)  0.20 

6.20  (0.60)  0.77 

2.87  (0.07)  0.20 

22.20  (2.27)  0.85 

2.80  (0.33)  1.37 

».Tr!i:5fS  nsr 


Corrosion  Detected 


Preflight 

0.47 

(0.00) 

0.02 

Service 

0.94 

(0.07) 

0.02 

Phase 

0.73 

(0.00) 

0.02 

Overhaul 

0.87 

(0.07) 

0.02 

Special 

0.20 

(0.00) 

0.02 

Total 

TOT 

WIT 

Off 

Fail-Safe  Damage 

0.00 

(0.00) 

0.04 

Failures 

0.00 

(0.00) 

— — 

Service  Damage 

0.20 

(0.00) 

0.00 

Production  Defects 

0.00 

(0.00) 

0.04 

(*)  WNG-STS-AFT  only 


l?2 


XlUCBtfJ  TYPE:  HYKSIO 


SIBC»**T  TYP£:  BTHBFti 


TABLE  16. 

DEMONSTRATION  RESULTS  PON  WINS 

- STRINGER,  CENTER 

Defect*  Per  Million  Plight  Hours 

SAX  PE 

MRR/SDR 

Crack  Detected 

j Pre£ light 

3.67 

0.15 

j 1 Service 

4.20 

0.22 

1 Phase 

2.33 

0.64 

| Overhaul 

11.80 

1.05 

| Special 

2.07 

1.40 

j Total 

1 

71757 

3.55 

] 

, Corrosion  Detected 

Pre flight 

0.60 

0.00 

Service 

2.07 

0.15 

Phase 

0.40 

0.04 

Overhaul 

0.93 

0.00 

Special 

0.27 

0.33 

Total 

1727 

Fail-Safe  Damage 

0.00 

0.28 

Failures 

0.00 

— — 

Service  Damage 

0.13 

0.00 

Production  Defects 

0,00 

0.00 
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TABLE  17.  DEMONSTRATION  RESULTS  FOR  WING  - STRINGER,  FORWARD 


Defects  Per  Million 

Flight  Hours 

SAIFn 

MRR/SDR 

Crack  Detected 

Preflight 

0.13 

0.21 

Service 

1.00 

0.71 

Phase 

0.80 

1.04 

Overhaul 

0.87 

1.69 

Special 

0.00 

1.04 

Total 

TTSff 

Off 

Corrosion  Detected 

Preflight 

0.53 

0.00 

Service 

1.00 

0.31 

Phase 

0.40 

0.00 

Overhaul 

0.87 

0.10 

Special 

0.00 

0.00 

Total 

Off 

ff;4i 

Fail-Safe  Damage 

0.00 

0.07 

Failures 

0.00 

— 

Service  Damage 

0.03 

0.00 

Production  Defects 

0.00 

0.02 

TABLE  18.  DEMONSTRATION  RESULTS  FOR  WING  - CENTER  SUCTION 
STRINGER,  AFT  (WSC-STR-AIT  fa  WSC-STS-AbT ) 


Crack  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


Corrosion  Detected 

Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


Fail-Safe  Damage 
Failures 
Service  Damage 
Production  Defects (*) 


i Per 

Million 

Flight.  Hours 

SAIFE 

Jll 

MRR/SDR 

0.00 

(0.00) 

0,00 

0.00 

(0.00) 

0.00 

0.53 

(0.53) 

0.00 

0.27 

(0.27) 

0.06 

0.27 

(0.27) 

0.06 

T7C7- 

Tory 

07 

0.00 

(0.00) 

0.00 

0.00 

(0.00) 

0.03 

0.27 

(0.07) 

0,03 

0.26 

(0.13) 

0.00 

0.13 

(0.13) 

0.08 

or 

■fairy 

or 

0.00 

(0.00) 

0.00 

0.00 

(0.00) 

— — 

0.00 

(0.00) 

0.00 

0.00 

(0.00) 

0.00 

(*)  WSC-STS-AFT  only 
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TABLE  19.  DEMONSTRATION  RESULTS  FOR  WIND  - CENTER  SECTION 

STRINGER,  CENTER 


Crack  Detected 

Defects  Per  Million 
SAIFE 

Flight  Hours 
MRR/SDR 

— m ii» 

Pre flight 

0.00 

0.04 

Service 

0.00 

0.04 

Phase 

0.00 

0.04 

Overhaul 

0.00 

0.40 

Special 

0.00 

0.18 

Total 

TOT 

07 

Corrosion  Detected 

Pre flight 

0.00 

0.08 

Service 

0.00 

0.30 

Phase 

0.00 

0.00 

Overhaul 

0.67 

0.93 

Special 

0.00 

0.46 

Total 

07 

1777 

Pail-Safe  Damage 

0.00 

0.17 

Failures 

0.00 

_ — _ 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.04 

1 i*b 


MtHif  FU**^  CMC*S  1.6*5  1.6*5  .Fir  .6.5 

FttCSSIME  CMCXS  .561  .561  .*71  ..71  ,*j 


TABLE  20.  DEMONSTRATION  RESULTS  FOR  WING  - CENTER  SECTION 

STRINGER,  FORWARD 


Crack  Detected 


Defects  Per  Million  Fliqht  (fours 
SAIFE  MRR/SDR 


Preflight 

Service 

Phase 

Overhaul 

Special 

Total 


0.00 

0.00 

0.00 

0.25 

0.00 

0.45 

0.00 

0.14 

0.00 

2.76 

Off 

Off 

Corrosion  Detected 


Preflight 

0.00 

0.00 

Service 

0.00 

0.03 

Phase 

0.33 

0.00 

Overhaul 

0.73 

0.05 

Special 

0.00 

0.03 

Total 

OF 

ffTTT 

Fail-Safe  Damage 

0.00 

0.11 

Failures 

0.00 

Service  Damage 

0.00 

0.00 

Production  Defects 

C.00 

0.00 

TABLE  21.  DEMONSTRATION  RESULTS  TOR  WING  - CENTER  SECTION 
SPANWISE  BEAM,  AFT  (WSC-SWB-AFT  & WSC-SWS-AFT) 


Defects  Per 

Million 

Flight  Hours 

SAIFE  (*) 

MRR/SDR 

Grade  Detected 

Preflight 

0.00 

(0.00) 

0.04 

Service 

0.00 

(0.00) 

0.12 

Phase 

0.20 

(0.20) 

0.04 

Overhaul 

1.93 

(1.93) 

0.28 

Special 

0.13 

(0.13) 

0.12 

Total 

T7K 

TOBT 

05' 

Corrosion  Detected 

Preflight 

0.00 

(0.00) 

0.00 

Service 

0.00 

(0.00) 

0.04 

Phase 

0.20 

(0.00) 

0.00 

Overhaul 

0.13 

(0.13) 

0.04 

Special 

0.00 

(0.00) 

0.09 

Total 

TTTT 

lirmy 

Z57I7 

Fail-Safe  Damage 

0.00 

(0.00) 

0.00 

Failures 

0.00 

(0.00) 

— 

Service  Damage 

0.07 

(0.07) 

0.00 

Production  Defects 

0.00 

(0.00) 

0.00 

(*)  WSC-SWS-AFT  only 
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TABLE  22.  DEMONSTRATION  RESULTS  KR  WING  - CENTER  SECTION 
SPANNXSE  BEAM,  CENTER 


Defects  Per 

Million  Flight  Hours 

S&IFE 

1 KRR/SOR 

Crack  Detected 

Preflight 

0.00 

0.00 

Service 

0.00 

0.02 

Phase 

0.00 

0.02 

Overhaul 

0.00 

0.19 

Special 

0.00 

0.00 

Total 

Off 

0.23 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.00 

0.00 

Phase 

0.00 

0.09 

Overhaul 

0.13 

0.00 

Special 

0.00 

0.00 

Total 

ff.TT 

O? 

Fail-Safe  Damage 

0.00 

0.00 

Failures 

0.00 

— 

Service  Damage 

0.00 

0.00 

Production  Defects 

0.00 

0.00 

s 


I 
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TABLE  23.  DEMONSTRATION  RESULTS  FOR  WING  - CENTER  SECTION  - 
S PANWISE  BEAM,  FORWARD 


Crack  Detected 

Defects  Per  Million 
SAIFE 

Flight  Hours 
MRR/SDR 

Preflight 

0.00 

0.00 

Service 

0.00 

0.24 

Phase 

0.00 

2.29 

Overhaul 

0.00 

0.07 

Special 

0.00 

1.24 

Total 

07 

177* 

Corrosion  Detected 

Preflight 

0.00 

0.00 

Service 

0.00 

0.13 

Phase 

0.07 

0.00 

Overhaul 

C.00 

0.00 

Special 

0.00 

0.00 

Total 

0.07 

7717 

Fail-Safe  Damage 

0.00 

0.09 

Failures 

0.00 

— 

Service  Damage 

0.00 

0.09 

Production  Defects 

0.00 

0.00 

Al*-C***'J'  TYPL  • HYBRID 


l 


a 


in 

ut 

3 


> 

X 

u 


Hi 


in 

i 

u 

trt 


4 u rn  *> 

*-  <\l  « 

* r*  m 
r-  mD  ifi 
w*  if*  m 


«ji  c»  -• 

r»  »•»  f\i 
1*  •« 
x.  «*  4 

n n« 


y> 


% c.-  in  iT. 
N <\J  i*. 
0 t“  C 
r-  >l>  cn 


K 


G 

uJ 

3. 

* 


3 

u 

UJ 


-•'  I 
*J  I 
> I 

SI 
1 1 


§~~~ 

“if? 

3 1 •<  5 

O w 4 > 

Q X X 4 


o 

G 

uJ 

a 

-i 

VI 

UJ 

* 

> 

♦-I 

uJ 

•J 

f-t  C ^ < 
O CJ  I 
I * 

i 4 • 


IA 

V- 

1> 

UJ 

U- 

•6 


-J 

I 

IT 


s ! ■ 
> ) 


in 

g 

S I;  * ■ 
3 * * u> 

U w ^ > 

Q I f 4 


OOO 

COO 

X V o 

4 4 f\J 


J I- 

J 4. 

t#  < 
*-*  .x 
<r  c 

in  t 
X >•* 


OOK 
0 0 4) 
oo<! 

f-4  O 


:•  k3 

u1  <r 


.iv  UJ  ■ U-t 

•» 1]  a.  > 

= 3 


4 U UJ 

U O u. 


% 
^ u 


J O •* 


U X »• 
*-»  »•■ 
u iu  — *-• 

ft.  a * ■ 


a *- 

_j  Si  u. 


ft 

UJ 

*- 

z 


* ►-  * 


03(5 

*ft£ 

in  in  a 


>-  * UJ  « 
¥ « 
h-  ►“  II 
X 2 * O 


«jJ  UJ  * > 


u z * * 

IWWH 
uj  * • • 

lass 

D “ w w 
U * K U) 
O w * > 

o a * * 


> o o 


Sis  Ui 

a u»  *& 


a a a 

UJ  UJ  UJ 


If  si  g 

M w U1  J 


D M» 

? ** 


o Q K • 
ul  i*l  * > ►— 

U4  O 

4 4 UJ 

* « ~i 

W H 1 * 

^ * * 
in  in  < a 
w uj  in  cj 


5 

a 

Ui 

4 


4) 
iT  m 


W 
VC 
in  u 

* « 
O IT 
<4  O 

a 

u UJ 

5 3! 
“5* 

U.  ft 


uJ  UJ 
«>  ID 

-«  * 


